Introduction: Painters are among the highly and chronically exposed occupational groups either in industrial or commercial field. The health effects of organic solvents have been known for more than a century either from occupational exposure or from organic solvent abuse. Long term heavy solvent exposure is hazardous to the nervous system, hepatic, renal, blood and other body systems.
Introduction:
Paint products are widely used in in- Health hazards include inhalation and skin contact with isocyanates used in manufacturing polyurethane paints and coatings (McCann, 1998) . The risk of injury depends on the concentration of the substance and duration of exposure and whether it is present alone or in mixture (Jones and Kennedy, 1988 ).
Aim of the work:
The aim of the study was to assess the different health hazards encountered in the painting industry with special reference to organic solvents effects and toluene as the major solvents used and to assess the possible association of certain hazards with the duration of exposure. In addition to assessment of the effectiveness of urinary orthocresol (o-CR) as a biological indicator of exposure.
Subjects and Methods:
The study was conducted in one of the painting industry in Cairo. The studied population comprised 68 individuals divided into exposed and control groups. The spray painters had been exposed to a mixture of organic solvents including toluene ( as the main constituents), xylene, methyl ethyl ketone and ethyl acetate.
The workers were all males with age ranging from 31 to 55 years. The duration of exposure ranged from 9 to 30 years. All of them were exposed to a mixture of solvents. The control group included 30 individuals working in the same factory in the administration away from the field of exposure.
Both groups were matched regarding age, sex, socioeconomic status and special habits.
All workers were personally interviewed with a detailed questionnaire about presence of neuropsychological symptoms (mood changes, memory and lack of concentration, easy fatiguability), respiratory, renal, hepatic, hematological manifestations. Detailed personal medical history, occupational history including previous occupational exposure, pattern of exposure, risk factors and duration of employment were included. Comprehensive physical examination was done. Complete blood picture, liver function tests (SGPT, SGOT), kidney function tests (blood urea and creatinine), serum electrolytes, ventilatory function tests , urinary o-cresol level and urine analysis were also done. A written consent was taken from the studied group to perform the work.
Air sampling results was obtained from the executive director of the company.
The work room air analyses had been performed on several occasions in all the plants by the industrial hygienists. The mean exposure level of toluene was 62 ppm.
Laboratory Investigations:
Seven ml of venous blood were taken from the studied group under aseptic conditions; two ml was put into a tube containing Ethylene Diamine Tetraacetate (EDTA) for blood picture examination. The following parameters were measured: hemoglobin level, total and differential leucocytic count, total red blood cell count, platelet count. 
Spirometry:
Resting ventilatory function test values were assessed from the flow volume curve using the standard techniques according to the American Thoracic society recommendations. Ventilatory function tests were performed using the Medgraphic spirometer in the Fitness and Rehabilitation Unit, Kasr El Aini Hospital. The following parameters were measured for each subject: FVC, FEV1, FEV1/FVC%, FEF 25%, FEF 50%, FEF 75%, FEF 25-75%, MVV, SVC, IC and ERV. Results were expressed as % of predicted. It is advocated that lung function tests are considered abnormal only when the value deviates by 20% or more from the mean normal value (100%) (Ruppel, 2003).
Ortho-cresol analysis in urine:
Urinary o-CR was determined by high-performance liquid chromatography (HPLC) (Truchon et al., 1999) . The urine samples were hydrolyzed ,centrifuged, saturated with sodium chloride, extracted and introduced to the chromatographic system for measurement. Urine samples from the studied groups were collected at the end of the shift.
Urine sampling conditions:
Urine samples from the studied group were collected at the end of the shift in 
Results:
The studied population comprised 68 individuals divided into exposed and control groups. The workers were all males with age ranging from 31 to 55 years with a mean value of 40.74 ±1.63. The duration of exposure ranged from 9 to 30 years with a mean of 19.5 years. The age of the control group ranged from 30-58 years with a mean of 48.33 +1.85.
There was no statistically significant difference between the exposed and control groups as regards the age and smoking habits.
Twenty subjects among exposed group (52.6%) were cigarette smokers versus 10 subjects (33.3%) of the control group and 6 subjects from both groups were exsmokers. Twelve subjects (31.5%) of the exposed group had a duration of employment less than 15 years with a mean value of (10.67±0.92) while 26 subjects (68.4%) had been employed for more than 15 years with mean value of (23.77±1.17).
Analysis of liver function tests revealed that values of SGPT and SGOT were within normal range with no statistically significant difference between the exposed and the control groups. However, in correlation with duration of exposure table (1) showed gradual increase in the SGPT level with statistically significant difference between exposed workers; while the SGOT level although higher than normal, no statistically significant difference was detected.
Blood picture showed normal levels of all parameters measured with no difference detected between exposed and controls except in basophil and monocyte levels; but with increased duration of exposure, table (2) showed a statistically significant difference among exposed workers as regards haemoglobin level, red blood cell count, haematocrite value and platelet count. All levels decreased with increased duration of exposure.
As regards urinary o-cresol level, a statistically significant difference was found between exposed workers and control group (p-value 0.000). Also the level increased with increased duration of exposure among workers. Among smokers, the level was found to be higher than non smokers with statistically significant difference between them (figure 1). Table ( 3) illustrates the means of ventilatory functions of the studied groups. Exposed workers showed lower values of all parameters measured. There was significant difference in FEV1/FVC %, FEF 50 % and MVV percent of the predicted values between exposed workers and control group before bronchodilator inhalation.
After analysis of the results, no significant difference was detected in ventilatory functions of the exposed group in relation to smoking. Table ( 4) presents different urinary parameters of the investigated groups. There was a statistically significant difference between exposed workers and control group in all parameters measured; excretion of proteins (36.8%), pus cells (100%), RBC's (94.7%), crystals (89.5%), urates (73.7%) and casts (31.6%).
Table (5) illustrates the distribution of the investigated group regarding clinical symptoms. There was a statistically significant difference between exposed workers and control group in cardiovascular symptoms. Respiratory, renal, neuropsychological and hematological symptoms were recorded only among workers. As regards hypertension 15.8% of exposed group were affected. Figure (1): Level of urinary o-cresol in studied groups and relation with duration of exposure and smoking. 
Discussion:
The health impact of chronic workplace exposure to mixture of solvents is still a worldwide health issue due to their widespread use as constituents in paints, cleaners, adhesives, inks and many other products commonly found in many workplaces.
Neuropsychological effects:
Several epidemiological studies have In contrast with this, some studies showed no evidence of neuropsychological disorders among workers exposed to mixture of solvents (Bukowski et The present study showed that the prevalence of the neuropsychiatric symptoms were recorded among workers with higher age group with increased duration of exposure which is in contrast with the study done by Choong Ryeol et al., 2005 who found no significant correlations between neurobehavioral performance and cumulative exposure index. However, when the duration of exposure in years was used as a measure of dose the results between the group with exposure < 10 years and the group with exposure > 20 years were significantly different after controlling age and education level. This controversy may be attributed to certain limitations in the study. We didn't perform any of the neurobehavioral test battery so that we could evaluate various functions of the central nervous system. So, an objective neurobehavioral test is recommended on evaluating neurobehavioral performance of long term solvent exposed workers.
Effect on the liver:
Many investigators have reported that the spray painting operation and paint manufacturing industry usually do not produce damage to the liver ( Axelson,1983) . However, as the exhaust ventilation is generally not well designed or installed in Egypt, so, we are still concerned that paint manufacturers and sprayers might be suffering from different health hazards in the workplace.
So, one of the purpose of this study was to determine biochemical alterations in liver function among paint sprayers and their association with exposure to the organic solvents used.
In general detection of subclinical hepatic injury in workplace surveillance programs has relied on measurements of activities of serum hepatic transaminases (Brodkin et al., 1995). However, the study done by Amr et al., in 1985 revealed that there was no specific correlation between serum enzyme activity and the severity or extent of toxic liver injury, their values varied significantly. Thereafter, in another study Amr et al., in 2001 found that all parameters of liver function were high among the production and storage exposed groups.
However, the SGOT is released not only by the liver but also by the heart, skeletal muscles and pancreas thus clinical diagnosis can not be based on this laboratory value alone ( Sherlock, 1981) .
Our results showed no statistically significant difference between exposed workers and control group regarding SGPT & SGOT levels similar to the results of Hirohiko et.al., 1994 ; but table (1) showed difference between exposed workers in relation to the duration of exposure with statistically significant difference in SGPT level but not in SGOT; with increased duration of exposure there is gradual increase of both levels which might reach higher levels on the future specially if influenced by other additive factors; a finding that should be put in consideration for further evaluation in future researches.
Ahmed et al., in 2004 found high level of SGPT among the studied group and they stated that measurable increase in either enzyme suggests possible damage or even hepatocellular necrosis with a severity that varies directly with the levels of the enzymes. However, they recommended doing hepatic ultrasonography which may provide a more sensitive indicator than biochemical tests for detecting the severity of hepatic disease.
In contrast, the results of Lundberg and Hakanensson in 1985; Chen et al., in 1991 revealed no significant increase in SGOT, SGPT or y-GT in serum of the exposed workers in paint industry. Also, the study done by El Shourbagy and Eid in 1999 on young car paint workers revealed no significant difference regarding the level of blood urea, SGOT, SGPT, serum calcium, potassium and acid phosphatase.
This contradiction might be explained by the fact that SGOT and SGPT were proved not to be a reflection for the hepatic injury in the absence of significant necrosis and inflammation thus causing underestimation of the early hepatotoxic effects (Brodkin et al., 1995) . Also this can be explained according to Lundberg et al., 1994 who found that the prevalence of possible signs of liver dysfunction was more among workers with heavy exposure to organic solvents for a short time than those with light exposure for long periods; a point which should be put in consideration.
Some authors argued that measurement of serum bile acids (SBA) concentration would be more sensitive than conventional liver function tests such as SGOT, SGPT, GGT activities and bilirubin concentration ( Franco et al., 1986 and Chen et al., 1997).
As regards the effect of smoking, we found that transaminases levels were higher among exposed smokers as compared to non smokers, this could be explained by the fact that smoking could have an additional role with the exposure to solvents as smokers were proved to have significant higher blood concentrations of benzene, toluene and n-hexane than non smokers (Brugnone and Perbellini, 1994) . We recommend that a longitudinal study with a long term follow up should be performed to define more clearly the possible hepatotoxic effect among paint workers.
Effect on the blood:
Great controversies were present as regards effect of solvents on different parameters of blood picture.
Our results showed no statistical difference between exposed workers and the control group regarding different parameters of blood picture except for the basophils and the monocytes which showed statistically significant difference between workers and the controls. Basophils have been considered to be important mediators of late-phase allergic reactions, however, they play a more pivotal role in initiation rather than maintenance of IgE-mediated chronic inflammation at least in the skin (Gibbs 2005) . Monocytes play an important role in the development and duration of the inflammatory reaction.
So our results might be an indication of immune system dysfunction which was recorded in several studies that stated that organic solvents may impair the immune system and are considered as immune-suppressors (Hardell et al., 1998 ).
This will need further assessment through measurement of immunoglobulins.
In contrast, the study of Attia et al. In the present study, we recorded higher urea level in exposed workers when compared to the controls although not statistically significant; with no significant difference among the exposed in relation to the As regards smoking effects, in our study both exposed and control groups were matched as regards the smoking habits so the effect of smoking was neglected.
Chronic diseases:
The study of Kaukiainen et al., in 2004 revealed that there was increased prevalence of diabetes and cardiovascular diseases mainly hypertension, arrhythmias, coronary disease and valvular diseases among exposed workers. Our results revealed presence of diabetes (10.5%), hypertension (15.8%) and cardiovascular diseases (42.1); but their presence may be related to solvent exposure or to other factors as smoking which is a risk factor for cerebrovascular diseases.
Also, Amr et al., in 2001 found that 16.7% of exposed workers were hypertensive. The answer to this conflict is present in the study of Rugulies 2002 whose study proved the occurrence of cerebrovascular effects in exposed workers who were initially healthy before employment and he attributed that the cause may be a direct effect or via depression and anxiety.
O-cresol:
To assess urinary o-CR level, urine must be collected at the end of the laborday, or even during the shift, as the biological half-life ranges from 1 h to 2 h (WHO 2000).
Several studies were done in order to investigate the significance of urinary excretion of hippuric acid (HA) and orthocresol (o-CR) for the biological monitoring of workers with occupational exposure to toluene. Dossing et al., in 1983 found an increase in the urinary HA and o-CR excretion during 6.5 hours of experimental exposure to 100 ppm toluene with no difference in HA and o-CR excretion between exposed workers and controls. Another study proved that toluene exposure was well correlated to post shift urinary o-CR and HA levels. But at low exposure level (below 50 ppm) o-CR showed a stronger correlation; so the level of urinary o-CR is a more sensitive index of exposure to low concentrations of toluene than HA (Truchon et al., 1999) . Also, Pierce, et al., in 1998 stated that among toluene metabolites, o-CR was least influenced by background contributions, whereas HA was obscured by endogenous and dietary sources.
Our results showed statistically significant difference between exposed workers and control group in urinary o-CR level; also significance was found among exposed group with increased duration of exposure (figure 1). Our results are in agreement with that of Nadeau, et al., in 2006 who proved that o-CR excretion increased at the end of the work shift and it increased proportionally with increasing work load at exposure to 50 ppm toluene. These results confirm the possibility of using o-CR level as a biological indicator at low level of exposure.
However, Ikeda et al., in 2008 concluded that HA and o-CR are among the markers of choice to monitor occupational toluene exposure at high levels (60-100 ppm) and that only un-metabolized toluene in urine or in blood is recommended when toluene exposure level is low (e.g., 10 ppm or less). Toluene in urine may be preferred rather than that in blood due to practical reasons, such as non-invasiveness The presence of diabetes and cardiovascular diseases among exposed workers should be investigated on a wider scale basis so as to assess their prevalence and direct relation to the occupational exposure.
The biological monitoring of workers exposed to solvents, complementary to atmospheric monitoring can be used to better assess individual uptake related to body burden (workload and working habits), to evaluate the efficiency of protective measures, to detect exposure routes other than inhalation (skin or oral absorption).
